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ABSTRACT 
Waste lubricants derived from crude oil have the potential to be converted into usable products through 
re-refining and regeneration. Pyrolysis is considered as one of the best treatment route as it does not 
produce any harmful by-products. The objective of this work was to recover liquid oils via pyrolysis. 
The oils could then be utilized as fuels or chemical feedstock. Slow and flash pyrolysis studies were 
carried out. The highest oil recovery of 65% was achieved at 500oC while a wider product range was 
produced at 600oC through flash pyrolysis.  The product range included heavy, medium and light oils 
at compositions of 15.5%, 72.6% and 11.9% respectively.  
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NOMENCLATURE 
Symbols : SOx: oxides of Sulphur  
PAHs: Polycyclic aromatic 
hydrocabons 
NOx:  oxides of Nitrogen 
PCBs:  Polychlorinated biphenyls FTIR: Fourier transform infrared 
spectroscopy 
T: temperature, ºC Tk02:  first condenser 
wt. %: wieght percent Tk03:  second condenser 
µm: micrometers Tk04:  third condenser 
 
 1. INTRODUCTION 
In recent years, the world has seen a drastic increase in emergence of industries from all sectors of the 
economy i.e. transport, mining, manufacturing, utilities etc. [4]. Such industries make use of heavy 
machinery with lots of moving parts, which need to be protected to ensure longevity and optimum 
output. As a result, the demand for lubricating agents (oils and grease) increased considerably. 
Typically, lubricants is a derivative of crude oil (petroleum/mineral), vegetable oil or in some instances 
synthetic oils. In addition, a number of substances are added to improve the chemical and physical 
properties of the lubricating agents [3]. Lubricants contain varying quantities of base oil, additives and 
thickeners, usually 70-95 wt. % base oil, 3-30 wt. % additives, and 0-10 wt. % thickeners (calcium, 
 
 
 
aluminium). The composition of additives in lubricants depends on the intended purpose. For example, 
the composition of additives in motor oils are different from those for hydraulic and mining equipment 
[4].  
Additives reverses/delays the effect of the inverse relationship between oil and temperature and/or 
pressure. During operations, lubricants are exposed to high temperatures and pressure, which disrupts 
the structure of additives. Therefore changing their chemical and physical properties making them very 
unstable [6]. Chemical instability leads to side reactions such as polymerization, oxidation, and 
acidification hence producing PAHs and PCBs [5]. Such compounds are known to have carcinogenic 
and mutagenic properties therefore posing a great threat to human health and the ecosystem [6]. At the 
end of their usefulness, lubricating oils and greases are mostly liquids, therefore it is difficult to dispose 
them in landfills. Waste management methods such as incineration, leads to the production of toxic 
substances such as CO, SOx, NOx, CO2, CH4 and furans which all contribute immensely to global 
warming [6]. Therefore, recycling and re-refining can alleviate the problem of spent lubricating oil in 
an environmentally friendly manner is through.  
1.1 Regeneration and re-refining technologies for waste lubricants 
Waste lubricants can be managed through re-use diesel engines, thermal and hydro cracking, re-refining 
and regeneration. However, the application of these technologies are limited presence of contaminants 
and by-products produced as well as limited technological knowledge.  Examples of regeneration 
technologies are acid / clay processes, solvent extraction, evaporation, thermal de-sulphating. 
1.2 Pyrolysis 
Pyrolysis is one method that has been receiving attention in the field of waste oil management in recent 
years. It is defined as a thermo-chemical breakdown of organic matter at elevated temperatures, in the 
absence of air (O2). Pyrolysis involves concurrent change of phase and irreversible alteration in 
chemical composition to produce three products; gas, pyrolysis oil and solid residue (char/ash). In the 
case of waste oil such products are also attainable depending on the temperature, the long chain 
hydrocarbons present in the oil are transformed to medium/shorter chain hydrocarbons to obtain 
pyrolysis oil. Synthetic gas (H2, CO & CH4) can also be produced via pyrolysis provided the 
temperature is set at over 600°C [2]. 
2. EXPERIMENTAL METHOD 
2.1 Materials 
In this research, contaminated lubricating oil was obtained from Morupule Coal Mine. The samples 
were filtered using a 100 µm mesh sieve to remove any solid material i.e. small pieces of metals, dust, 
carbon soot and gum type material. Prior to pyrolysis the sample was analysed using Fourier-transform 
infrared spectroscopy (FTIR) to identify functional groups present. No additional chemicals were added 
during or after the experiment. 
2.2 Experimental Setup 
Conventional and flash pyrolysis were employed at temperatures of 400oC and 500oC, and 500oC and 
600oC respectively. For conventional pyrolysis, feed was preloaded before the run whereas for flash 
 
 
 
pyrlysis the reactor was heated to set desired temprerature and then semi-batches of samples were 
added. The reactor had two heating elements with varying heating rates i.e. the flange and the shell 
heaters. The shell heater is the primary source of heating.  The flange heater was used as a secondary 
source of heat, to prevent the volatiles from condensing back into the reactor. From the reactor, the 
volatiles passed through three condensers set at different condensing temperatures i.e. 150ºC, 75ºC and 
25ºC. The first condenser which was set at 150ºC was mainly to condense heavy molecular weight 
products, the 75ºC was for medium weight products and the 25ºC was for lighter products. Any gaseous 
product was recorded and collected in the gasometer. These gases include mostly elemental gases such 
as H2, CO, CO2 etc., which cannot be condensed at the set temperatures. Equation (1) was used to 
calculate product yield.  
                      Yield of liquid products % =  ሺ௠௔௦௦	௢௙	௖௢௡ௗ௘௡௦௘ௗ	௟௜௤௨௜ௗሻሺ௠௔௦௦	௢௙	௦௔௠௣௟௘	௟௢௔ௗ௘ௗ	ሻ  * 100%                                            (1) 
3. RESULTS 
For conventional pyrolysis, from a feed of 0.271kg a product mass of 0.0943kg was recovered, thus 
giving a yield of about 34.8% (Table 1). Since conventional pyrolysis is mainly used for production of 
tars and heavy molecular hydrocarbons, the highest fraction recovered was actually heavy oil at about 
74.1% of the total product at pyrolysis temperature of 400ºC. At 500ºC the product distribution shifted  
towards the medium weight hydrocarbon fraction, which was recorded at about 70% of the product 
mass. The heavy oil fraction decreased to 30%, of the product. This sudden change can be attributed to 
increase incracking temperature, which decreases the chain length hence producing shorter chain 
hydrocarbons. From both conventional and flash pyrolysis, insignificant gaseous and char products 
were recovered since the cracking temperature was not high enough to produce a product that does not 
condense at room temperature [8]. 
Flash pyrolysis produced a wide range of product distribution at 500ºC and 600ºC, i.e. the heavy, 
medium, light and gaseous products. For flash pyrolysis the samples were added in semi-batches of 
0.028kg, then the reaction was allowed to complete before the next batch was added. The lower 
temperature pyrolysis product is dominated by the heavy oil faction at about 81.6%, then by about 35% 
of gaseous product. Finally the medium fraction accounted for about 18.3% of the product mass, this 
also suggests that cracking temperature had a role in product distribution during pyrolysis. Higher 
process temperature recovered an even wider product range since all most all the products were 
recorded. From 30.7% total oil yield, the heavy fraction contributed about 15.5%, whereas the medium 
fraction was 72.6%. Then finally the first light weight molecule hydrocarbons were about 11.9%, the 
amount of gas recovered was in excess of >65%, indicating that the cracking temperature was high 
enough to produce even shorter chained hydrocarbons and a wider range of products. FTIR was used 
for functional group identification, Figs. 1&2. 
 
 
 
 
 
 
 
TABLE 1: Product yield and distribution 
 Conventional pyrolysis Flash pyrolysis 
T  400ºC 500ºC 500ºC 600ºC 
Sample mass 0.271kg 0.271kg 0.093kg 0.093kg 
Product mass 0.0943kg 0.1326kg 0.06kg 0.0252kg 
Total Oil yield 34.8% 48.7% 65% 30.7% 
Heavy oil yield 74.1% 30% 81.6% 15.5% 
Medium oil yield 25.9% 70% 18.3% 72.6% 
Light oil yield - - - 11.9% 
Gas production - - ±35% 69% 
char - - <1% <1% 
 
From FTIR graphs, peak sharpnes is mainly attributed to the absence of the O-H bond [1]. All the 
selected peaks show high absorption values which are proportional to the concentration of certain bonds 
in the solution [2]. The dominant peaks across the samples ranged from about 2900 cm-1 to 700 cm-1 
with the presence of a few various peaks between the samples. The major difference between 
conventional and flash pyrolysis products is the presence of the nitrous group (NO2) around 1590 cm-1 
from conventional pyrolysis, and (C-C/C-N and C=O) from flash pyrolysis products. The C-C bonds 
around 1000-1150 cm-1 represents the possibility of the presence of saturated hydrocarbons which are 
the preferred in this study [1]. All the samples have the –C-H, bond at 2900 cm-1 and 2850 cm-1, but the 
difference lies on their intensities. As can be observed from Figures 1 & 2, from the initial sample the 
absorption value is about 0.460. Then from the collected sample the value increased to about 0.624 
which represent an increase in concentration of that particular bond within the sample. Flash pyrolysis 
product shows a cluster of peaks in the fingerprint region of the spectrum when compared to 
conventional pyrolysis, showing the presencence of alkaline molecules [7]. This cluster of peaks is 
particularly observed from the samples obtained at 600ºC during flash pyrolysis.  
 
 
 
     
FIGURE 1. FTIR spectrum at 600ºC, flash pyrolysis 
 
FIGURE 2. FTIR spectrum at 500ºC, conventional pyrolysis 
4. CONCLUSIONS 
Conventional and flash pyrolysis were successfully employed in the production of liquid oils which 
could be used as fuels or chemical feedstocks. To avoid over production of gaseous products and heavy 
products, optimum temperature was found to be the range of 500ºC-600ºC.  
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